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SUMMARY AND CONCLUSIONS

The aim of the previous studies was to investigate the molecular mediators that are 
potential candidates to stimulate arteriogenesis without aggravation of atherosclerotic 
disease. The pathophysiological processes behind these entities share many common 
pathways and both these processes are inflammatory in its nature. Whereas increased 
inflammatory signaling in arteriogenesis provides a positive stimulus for collateral 
artery growth, in atherosclerosis increased inflammation in plaques is associated 
with destabilization of the atherosclerotic lesion.  
The process of arteriogenesis results in alternative vascular routes after development 
of a functionally important obstruction mostly due to atherosclerotic plaques. A 
growth factor with previously demonstrated stimulatory effects on arteriogenesis is 
TGF-beta. The growth factor TGF-beta was previously shown to enhance collateral 
artery growth. Recently, it was shown that stents coated with this growth factor 
provide stimulatory effects on collateral artery growth in a rabbit model of 
arteriogenesis. This makes TGF-beta a promising candidate for pro-arteriogenic 
strategies. However, the effects of TGF-beta on atherosclerosis and plaque stability 
are controversial. A detailed analysis of the association of this growth factor and its 
down stream signaling molecules demonstrated a positive correlation between the 
TGF-beta downstream transcription factors and plaque stability. This might be 
explained by increased collagen deposition due to increased EGR-1 activity by TGF-
beta.  Additionally, another TGF-beta downstream transcription factor, Foxp1, 
correlated to a more stable plaque phenotype as well. A detailed analysis of potential 
pro-arteriogenenic therapeutic candidate molecules and their effects on 
atherosclerosis provides additional information on potential side effects of growth 
factor therapy, and seems of value before starting clinical trials on growth factor 
mediated therapy. 

On the other hand, previous studies on growth factor mediated stimulation of 
collateral artery growth have not led to clinically applicable therapies. Alternative 
strategies are mandatory considering these discouraging results. Adhesion molecule 
mediated stimulation of collateral artery growth might be a sensible alternative for 
growth factor therapy. Limited studies thus far focused on this category of molecules, 
although recently CD44 was shown to be of importance for effective arteriogenesis, 
although the mechanism behind this observation were unclear. Thus, CD44 might 
be a potential candidate molecule for adhesion molecule based pro-arteriogenic 
therapy, for its involvement in adhesion of inflammatory cells besides its growth factor 
conservatory function this molecule. This latter effect is facilitated by the exon v3, 
which is involved in growth factor presentation and is crucial for effective collateral 

proefschrift Pieter Bot.indd   158 09-12-2010   13:54:43



159

 Summary and conclusions

artery growth as was shown. Unfortunately, both CD44 as well as CD44v3 are strongly 
correlated to a more instable plaque phenotype, which might be mediated by 
increased extracellular matrix degradation by enhanced MMP9 activity.  Future 
studies are needed investigating the potential of different CD44 isoforms to selectively 
increase collateral artery growth without negatively influencing plaque stability. 
Adhesion molecule based therapy might be a good alternative for stimulation of 
arteriogenesis by growth factors. 

Influencing the extracellular matrix in a beneficial, pro-arteriogenic way might be of 
value for new therapeutic strategies.  The two main constituents of the extracellular 
matrix of arteries are fibrous proteins, like collagen and elastin, and polysaccharides, 
which are known as glycosaminoglycans, like hyalururonic acid. In the context of 
arteriogenesis and atherosclerosis, hyaluronic acid, has received relatively little 
attention. Several studies suggest that HA is an active regulatory polymere, which 
is involved in immune modulation, cellular mitosis and angiogenesis. Especially 
fragmented degradation products of hyaluronic acid have been shown to stimulate 
angiogenesis although the influence on arteriogenesis are still unknown. 
The observed positive association between the low molecular weight degradation 
products of hyaluronic acid and plaques with an atheromatous phenotype, makes this 
molecule an unlikely candidate for future therapies. It would be of interest for future 
studies to analyze the optimal sized polymere length of hyaluronic acid which stimulates 
angiogenesis and arteriogenesis, without detrimental effects on plaque stability.

Inhibition of growth factors or cytokines negatively influencing collateral artery growth 
might be another potential therapeutic modality. The interferon-beta pathway is 
differently expressed in patient with a well developed collateral vessel network, 
compared to patients with poor collateralization which might be based on negative 
effects of the interferon-beta on collateral artery growth due to attenuated smooth 
muscle cell proliferation and p21 mediated cell-cycle arrest. Inhibition of the interferon-
signaling pathway results in increased collateral artery growth. Blocking IFNbeta-
signaling may be a novel approach to stimulate collateral artery growth by stimulating 
smooth muscle cell cycle progression and proliferation. Potential therapeutic 
modalities include the use of RNAi-therapy or antibodies directed to the interferon-
beta receptor, or to the cytokine itself,. Future studies will have to provide information 
on important safety issues concerning these therapies. Of interest is the effect of 
inhibition of this signalling pathway on atherosclerotic plaque stability. 

We conclude that TGF-beta serves as a good candidate growth factor for pro-
arteriogenenic therapeutic strategies, considering the association between the TGF-
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beta signalling pathway and a more stable plaque phenotype.  Neither CD44 nor the 
pro-angiogenenic degradation products of its ligand, hyaluronic acid, seem likely 
targets for pro-arteriogenic therapies, considering the correlation of both with an 
atheromatous plaque phenotype, with increased MMP-9 activity. To our knowledge, 
no data on the influence of inhibition of interferon-beta signalling and human 
atherosclerotic plaque stability are available and future studies on this subject are 
warranted before using this cytokine in a clinical setting for pro-arteriogenic 
therapy.
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